Bacillus polymachus sp. nov., with a broad range of antibacterial activity, isolated from forest topsoil samples by using a modified culture method A new, modified culture method that utilizes a transwell plate with a 0.4 mm pore-size microporous membrane was developed. This system allows only trace nutrients from the soil into the liquid culture through the microporous membrane. The method is a more powerful tool for the discovery of novel species from soils than are traditional methods. Such newly identified species could potentially produce useful metabolites. A bacterial strain, T515 T , was isolated using this modified culture method. Growth of strain T515 T occurred at pH 4-9 in a temperature range between 20 6C and 40 6C and in the presence of 0-2 % (w/v) NaCl on R2A agar. Colonies on the agar plates were tiny, white, and convex after 5 days incubation at 28 6C. Comparative analysis of the nearly full-length 16S rRNA gene sequence of strain T515 T revealed close pairwise similarity with species of the genus Bacillus, and strain T515 T was most closely related to Bacillus panaciterrae Gsoil 1517 T (96.7 %) and Bacillus funiculus NAF001 T (96.0 %). The major quinone of strain T515 T was menaquinone-7 (MK-7) and the major fatty acids were iso-C 15 : 0 (45.5 %), anteiso-C 15 : 0 (23.2 %) and C 16 : 0 (10.9 %). The predominant polar lipids were diphosphatidylglycerol, phosphatidylglycerol and phosphatidylethanolamine. Strain T515 T was sensitive to streptomycin and tetracycline, but resistant to rifampicin (0.125 mg ml "1 ), ampicillin (0.5 mg ml "1 ) and chloramphenicol (1 mg ml "1 ). The strain showed antimicrobial activities against the six strains tested: Bacillus subtilis KEMB 51201-001, Staphylococcus aureus KEMB 4659, Pseudomonas aeruginosa KACC 10185, Staphylococcus epidermidis KACC 13234, Paenibacillus larvae KACC 14031 and Escherichia coli KEMB 212-234. Based on these results, strain T515 T represents a novel species of the genus Bacillus with the proposed name, Bacillus polymachus sp. nov. The type strain is T515 T (5KEMB 9005-168 T 5KACC 18242 T 5NBRC 110614 T ).
Prokaryotic micro-organisms are highly diverse and make up approximately 60 % of the earth's biomass (Singh et al., 2009) . The diversity of terrestrial bacteria is considerable; one gram of soil may contain over 10 l0 bacterial cells (Torsvik et al., 1996) . Approximately 1 % of soil microorganisms can be isolated using traditional methods (Pham & Kim, 2012) . Advanced methods or modified methods have been developed using cultivation-based techniques to support bacteria that can grow well in laboratory conditions. The genus Bacillus, first described by Cohn in 1872, consists of Gram-positive bacteria with low DNA G+C content. Species of the genus Bacillus have the ability to adapt to adverse environmental conditions such as high temperatures, extreme salinity, acidic conditions, and the immune systems of many animals (Sneath, 1986) . Some species of the genus Bacillus can use unusual terminal electron acceptors such as arsenic or selenium (Switzer Blum et al., 1998) , can proliferate in the presence of activated charcoal (Fujita et al., 1996) , and are capable of colonizing wall paintings (Täubel et al., 2003) . Species of the genus Bacillus have been isolated from a diverse array of sources such as freshwater, saline water, soil, plants, animals and air (Pignatelli et al., 2009) . The genus Bacillus has also been known as one of the major antibiotic-producing groups, and species of the genus Bacillus produce about 800 compounds/antibiotics, comprising about 5 % of the total of all known antibiotics (Bérdy, 2005) . Moreover, novel species are considered potential sources of new bioactive compounds (Goodfellow & Fiedler, 2010 Therefore, we have developed a modified culture method to facilitate isolation of novel species from environmental samples (Pham & Kim, 2014) .
Soil samples were collected from forest topsoil on Kyonggi University campus, Suwon in Gyeonggi-Do province, South Korea, during October 2013. A novel strain, designated T515 T , was isolated using the modified culture method. Soil (3 g) was added to each well of a transwell plate and 3 ml R2A medium (g l 21 : proteose peptone, 0.5; yeast extract, 0.5; acid digest of casein, 0.5; glucose, 0.5; soluble starch, 0.5; dipotassium phosphate, 0.3; magnesium sulphate, 0.024; sodium pyruvate, 0.3; pH 7.2) was placed into each transwell insert chamber. Then, 100 ml soil suspension (1 g soil in 10 ml R2A medium; thoroughly stirred and settled) was inoculated in the insert chamber. The plates were incubated in a shaking incubator at 120 r.p.m. and 28 u C for 2 weeks. After incubation, a serial dilution (10 21 , 10 22 , 10 23 , 10 24 , 10 25 and 10 26 ) was made and 100 ml of each dilution was spread on R2A agar and incubated at 28 u C for 2 weeks. After picking distinct colony types, the colonies were individually streaked on separate agar plates, which were repeated until a pure isolated colony was obtained. The pure colony was stored in a 20 % glycerol stock at 270 u C until needed.
Morphological and physiological characteristics were assessed for comparison between the novel strain and the reference type strains (Bacillus panaciterrae Gsoil 1517 T and Bacillus funiculus NAF001 T ) including Bacillus subtilis subsp. subtilis NCBI 3610 T as a representative type strain in the genus Bacillus. Cell size was estimated by microscopy (BX50; Olympus). Motility was tested in R2A medium containing 0.4 % agar. Gram staining was carried out according to the procedure described by Doetsch (1981) . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 . Oxidase activity was determined using 1 % (w/v) tetramethyl-p-phenylenediamine. Hydrolysis of starch and production of hydrogen sulphide (H 2 S) (method 2) were determined as described previously (Tindall et al., 2007) . Resistance to antibiotics was ascertained by the paper disc method. Growth was evaluated at different temperatures (4, 10, 15, 20, 25, 30, 37, 42, 50 and 55 u C), various pH values (pH 4.0-12.0; at intervals of 0.5 pH unit), and in the presence of various NaCl concentrations (0.5-10 %, at intervals of 0.5 %) for tolerance assessment after incubation for up to 5 days. API 50CH (with API 50 CHB/E medium), API ZYM strips, API 32GN and API 20NE kits (bioMérieux) were used to determine the activities of constitutive enzymes ( Table 1) . Flagella of strain T515 T were stained as previously Table 1 . Comparison of differential phenotypic characteristics between strain T515 T and type strains of closely related species of the genus Bacillus Strains: 1, T515 T ; 2, B. panaciterrae Gsoil 1517 T ; 3, B. funiculus NAF001 T ; 4, Bacillus subtilis subsp. subtilis JCM 1465 T ; +, Positive; 2, negative; W, weakly positive. All data are from this study, with data in parentheses for taxa 2 and 3 from Ten et al. (2006) and Ajithkumar et al. (2002) , respectively.
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Gram staining (Clark, 1976) . Endospore-formation was detected by staining with malachite green (Fig. S1 , available in the online Supplementary Material). The antimicrobial activity of strain T515 T on Mueller-Hinton agar was observed, checking for an inhibition zone after 24 h ( Fig. S2 ). NG medium with 50 mg tryptophan ml 21 (g l 21 : nutrient broth, 10; glucose, 10; NaCl, 2; was used for the production of antibiotics/metabolites at 28 u C for 48 h. The supernatant (300 ml) was extracted with two volumes of acetone by shaking at 160 r.p.m. for 30 min, acetone was removed at 40 u C, ethyl acetate was added in an equal volume into the aqueous solution, and the upper layer was collected and dried using a rotary evaporator at 40 u C. The crude extract (108.86 mg) was dissolved in 500 ml methanol, and a 15 ml aliquot was used to wet paper discs (6 mm, Whatman). Microbial pathogens were prepared at 10 4 c.f.u. ml 21 concentration. Reference strains were purchased from the Korean Agricultural Culture Collection (KACC) and the Korea National Environmental Micro-organisms Bank (KEMB).
The Sherlock Microbial Identification System was used to collect cellular fatty acid data and to evaluate relationships between species as described by Sasser (1990) . All strains were cultured on trypticase soy agar (TSA) at 28 u C aerobically for 2 days. Fatty acid methyl esters of strain T515 T and the type strains of recognized species of the genus Bacillus were then analysed by gas chromatography (HP 6890 series GC system; Hewlett Packard) using the Microbial Identification software package (version 6.08, database TSBA6). The value range was obtained with duplicate experiments. The major fatty acid compounds of strain T515 T included iso-C 15 : 0 (44.5 %), anteiso-C 15 : 0 (23.2 %) and C 16 : 0 (10.9 %), which were detected in all species of the genus Bacillus, but the percentage of major fatty acids differed between strain T515 T and the type strains of closely related species of the genus Bacillus (Table 2) .
Menaquinone and polar lipids were extracted according to the procedures described by Minnikin et al. (1984) . Menaquinone was extracted with methanol/water [the water contained 0.3 % sodium chloride (Card, 1973) ] and petroleum ether at 80 u C. For extracted polar lipids, twodimensional TLC was used to separate the extracted lipid mix with chloroform/methanol/water (65 : 25 : 4; by vol.) in the first direction followed by chloroform/methanol/acetic acid/water (40 : 7.5 : 6 : 2, by vol.) as the second solvent. The spots were identified by spraying with an appropriate detection reagent (Minnikin et al., 1984; Komagata & Suzuki, 1987) : Ninhydrin reagent (0.2 % solution; Sigma Life Science) was used to detect free amino group-containing lipids; Zinzadze reagent (molybdenum blue spray reagent, 1.3 %; Sigma Life Science) was used to detect phosphorus containing-lipids; and molybdophoshpolic acid [phosphomolybdic acid reagent, 5 % (v/v) solution in ethanol; Sigma-Aldrich] was used to detect total lipids. The major polar lipids of strain T515 T were determined to be diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and phosphatidylethanolamine (PE) (Fig. 1) , showing the same results as the closest two species (B. panaciterrae and B. funiculus) (Fig. S3 ). No glycolipid was detected in strain T515 T when sprayed with anaphthol/sulphuric acid and heated at 110 uC for 15 min. For other chemotaxonomic analyses, isomers of diaminopimelic acid in the cell-wall were extracted and analysed as described by Staneck & Roberts (1974) .
The 16S rRNA gene of strain T515 T was amplified by PCR using primers 27F and 1492R (Frank et al., 2008) . Sequencing was performed with an Applied Biosystems 3730XL DNA analyser using a Big Dye terminator cycle sequencing kit v.3.1 (Applied Biosystems). A nearly complete sequence was compiled with SeqMan software (DNASTAR Inc.). The nearly full-length 16S rRNA gene (1472 bp) was identified and the pairwise 16S rRNA gene sequence similarities with published strains were estimated using the EzTaxon server (Kim et al., 2012) . This analysis revealed that strain T515 T was closely related to B. panaciterrae Gsoil 1517 T (GenBank accession no. AB245380; 96.72 % 16S rRNA gene sequence similarity) and B. funiculus NAF001 T (AB049195; 96.04 %). Due to less than 97 % 16S rRNA gene sequence similarity, DNA-DNA hybridization was not confirmed between strain T515 T and other closely related species of the genus Bacillus (Stackebrandt & Goebel, 1994) . Phylogenetic analysis of strain T515 T was performed to determine its taxonomic position. The 16S rRNA gene sequences of related taxa were obtained from the GenBank database and edited using the BioEdit application (Hall, 1999) . Multiple alignments were performed with the CLUSTAL X program (Thompson et al., 1997) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1983) . A phylogenetic tree (Fig. 2) was reconstructed using the neighbourjoining method in the MEGA5.03 software package (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
The DNA G+C content of strain T515 T was measured according to the procedure described by Mesbah et al. (1989) , and was 40.50 mol%.
Based on morphological and physiological characteristics, and chemotaxonomic and phylogenetic data presented in this study, strain T515 T represents a novel species of the genus Bacillus for which the name Bacillus polymachus sp. nov. is proposed.
Description of Bacillus polymachus sp. nov.
Bacillus polymachus [po.ly9ma.chus. N.L. n. (nominative in apposition) polymachus from Gr. polymachos, 'fighting many', referring to the production of metabolites against many other organisms].
Gram-stain-positive, facultatively anaerobic, rod-shaped (0.2-0.5 mm in diameter and 2-4 mm in length) and motile. Endospores are cylindrical, terminal, and nondeforming. Colonies on R2A agar are tiny, white, convex and smooth after 5 days at 28 u C. Growth occurs in R2A medium at pH 4-9 (optimum, pH 6.5-7.5), at temperatures ranging between 20 u C and 40 u C (optimum, 28-30 u C), and in the presence of 0-2 % (w/v) NaCl (optimum, 0-0.5 %). For the API 32GN kit, positive reactions are seen for N-acetylglucosamine, maltose and D-glucose, but negative reactions are observed for L-rhamnose, D-ribose, inositol, sucrose, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-and 2-ketogluconate, glycogen, 3hydroxybutyric acid, L-serine, D-mannitol, salicin, Dmelibiose, L-fucose, D-sorbitol, L-arabinose, propionic acid, capric acid, valeric acid, trisodium citrate, L-histidine, 3and 4-hydroxybenzoic acid, and L-proline. For the API ZYM kit, positive results for esterase (C4), esterase lipase (C8), acid phosphatase, naphthol-AS-BI-phosphohydrolase and a-glucosidase activities, and negative results for alkaline phosphatase, valine arylamidase, b-glucosidase, lipase (C14), leucine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, a-galactosidase, b-galactosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities. Sensitive to streptomycin and tetracycline, but resistant to rifampicin, ampicillin and chloramphenicol. The major quinone derived is MK-7, and the major fatty acids are iso-C 15 : 0 , anteiso-C 15 : 0 and C 16 : 0 . The type strain is T515 T (5KEMB 9005-168 T 5KACC 18242 T 5NBRC 110614 T ), isolated from a forest soil in the city of Suwon, Republic of Korea. The DNA G+C content of the type strain is 40.50 mol% (HPLC).
